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AHD METHOD FOR MMTOTACTtmiNG THE SAME 



BACKGROUND OP THE INVEHTIOH 
FIELD OF THE INVENTION 

The present invention generally relates to a 
.eaiconductor device including a transistor with a 
composite gate structure and a transistor „it. a single 
sate structure, and to a .ethod for manufacturing such a 

semiconductor device Mr^,-= 

evxce. More specifically, the present 

xnvention relates ^r^ ^ 

elates to a nonvolatile semiconductor memory 

device including a nonvolaM i=> 

^ nonvolatile memory cell having a 

composite gate structure of a floating gate and a control 
.ate, and a transistor having a single gate structure of 
only a control aate »r>^ ^^ 

gate, and also a method for manufacturing 

such a nonvolatile semiconductor memory device 
DESCRIPTION OF THE RELATED ART 

Among nonvolatile semiconductor memory devices 
in Which information stored therein can not .e erased 
even when power sources are turned OEP, the information 
can .e electrically written into the respective memory 

cells of EPROMs (Elactr-,-,.. 1 I - 

" '''="'=*l-^y Programmable Read-only 

Hemories,, „nereas the information can be electrically 
written into the respective memory cells as well as can 
be electrically erased from each of these memory cells in 
EEPROHs (Electrically Erasable Programmable Read-only 
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Memories ) . 

in general, a, a memory cell for such an eproh 
and an EEPROH, a «os transistor vith a composite gate 
structure is employed. The composite gate structure is 
5 constituted by stacking a floating gate electrode and a 
control gate electrode which are made of polycrystalline 

sxlicon films with an insui si-, r,^ ^ ■. 

insulating film interposed 

therebetween, on the other hand, as a gate electrode of 
a Single gate structure of another MOS transistor other 
10 than the memory cell transistor forced in, for example, a 
peripheral circuit region, two layers of polycrystallin. 
silicon films, which are made simultaneously with for^ng 
Of the floating gate and the control gate of the memory 

cell transistor, are utiii.,«w „ 

/ cire utilized so that the steps in 

15 manufacturing of the transistor can he simplified. Such 
a semiconductor memory device structure is disclosed in 
for instance. JP.A-59-74677, JP.A-7-183411, and JV-^-s-' 
48045. 

, JP-A-59-74677, the composite gate containing 

the floating gate and the control gate of the memory 
transistor, and the single gate structure of the 
peripheral transistor are both formed by three layers of 
a fxrst polycrystalline silicon film, an insulating film 
and a second polycrystalline silicon film, wherein in the 
peripheral transistor, the first polycrystalline silicon 
fxl™ is electrically connected via an opening fabricated 
- the insulating film to the second polycrystalline 
silicon film in an integral form, so as to provide a 
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structu.. „3e«..u. 

memory device of JP-a-5Q 74«„ '^^acturxng the 

Since the complicated, 
since the opening must be fom,ow ^ 

5 of th. • , ^ preselected place 

^ ot the xnsulatino fn™ i i^-^ace 

xng f xlm located between the first 

10 disclosed to form the fi ' it rs 

Of , ">e control gate 

Of a memory cell transistor by s'acv 

first polycrystal, ■ ' successively the 

vwiycrystallme silicon film 

and the second , ' 

- contrll l" rtTe""""^ ^ " 

5 th peripheral transistor by stacking 

-5 the second polycrvst-^ n • stacking 

Fv^xycrystalline silicon film ^- 

first polycrystalline silicon fu 

the composite gate of th ^ 

electrode Of the '^^'^ 

forced Of a laJn t 

^ a. lamination of the fi^o-^ 
) first and second 

Po^crystalline Silicon fii^s. it is required to 

an i„p„,ty such as phosphorous into the first 
and second polvcrv.?^-;, n • rirst 

- resistance If I f :r """" "^"^ "^^^"^ ~' 

■'3e. as „irin, layel ^ 

ayers. However, any of JP-a-7 iq^^t, 

JP-A-5-48046 describes no^h • 7-183411 and 

rii=es nothing about this matter. 

on the other hand, JP.A-2.3289 discloses a 
composite gate of tho Mioses a 

3 ^e Of the memory transistor which i . m . 
tured by successively stack" 

ely stacking a first polycrystalline 
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Silicon fiiro into which nh., „ 

Phosphorous is doped at . i 
concentration • ^ «opea at a low 

^ -nterlayer insulating fii^ 
second polycrvstaJ i ^ * 

y rystallxne silicon fii« i^to which 

-tixod in Which accelerated • -:-tic„ 
P-.c.,..aiUne sii.coh ^'""^ - 

the ..,.J7Z2: r "^""^^ 

degree corresponding to the dj ff ■ 
ture, it is difficult . . ^-«"^-n tempera- 

concentration into th T"""" '"^"'"^ " ^ 

^0 When the ^ ^^y^rys^^nin. silicon fil„. 

^"purxty concentration of the f 
li«e Silicon fii„ ,f Pclycrystal. 

^"eased, the .o d """"^ 

' boundary condition between th» 

film and the first no, °^ide 
det» ■ P°l5'<=ry3talli„e silicon fil„ i3 

deteriorated, and the injection 

« electrons into or f " -"-"on of 

xxito or from the firsi- r^«^ 
film of the flo.,. P°ly<=rystalllne silicon 

the floating gate can not be unifo™, 
out, so that the .emory cells fail t "'^'^ 
stable condition. 



m on 

- 5 - 

On the other hand, in the • • 

it is difficui, due to a . \ 

occurence : " " 

ujrrence of the crystal defects ,-r, 

to introduce the i™n • substrate 
the xapurxty into the first polycrys^all • 
5 silicon film K„ ^"-^yc^sualline 

res- t " ^""'^^^"^ ^° its 

resistance. if resistance of the first , 

line Silicon fii. • Polycrystal- 

fxl. .s not sufficiently lowered, then the 
resistance of the a»^^ ® 

the gate electrode inade of the first and 
second polycrystalline silicon ^ii. - 
10 transistor h« °' ^''^ Peripheral 

ansistor becomes higher. Then if th» 
the cr^^-o ^® resistance of 

gate electrode beco.es higher, the first 
polycrystaliine silicon f,-i ■ 

state When the , " '° "^-"^"i- 

"hen the .oltage is applied to the gate elect-od 
.so that the threshold voltace electrode, 
= transistor heco.es unstlle "^^""^ 

-e-or. de;ri:~:::: 

~ transistor tL tl: ^ 
have a tvc-lave , transistor 
struct •'"^^^■^stalline silicon ^ii. ...^ 

structure, .t is di«icuit to provide the pol,cr.stalUn 
sxlicon film of the ur,H« , -^y^rystalline 

""^^ ^^^^^ ^i^^ an impurity 
concentration which satisfies the n 

the memory cell tran • necessary condition of 

y cexi transistor, as well 

required for the another t- • 

cell transistor. ^ 
further, the „e,nory device of JP-a-59-74677 h 

Silicon fii.3 constituf k P^^-^rystalline 

°hst.tuting the gate electrode disposed at 
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xnsulatlng fii„ interposed therebetween the ■ 
5 if contained at a h. k ""Purities, 

. high concentration in the second 
Polycrystalline silicon f < i 

"rst poiycrystazi 

P lycrystallxne siiicon fii„ through the opening 

thereby deteriorating the boundary condition . , 
gate oxiri= condition between the 

gate oKide fxl„ and the first polycrystalu „ , • 
10 film. P°-^ycrystalline Silicon 

SUMMARY OF THE INVENTION 

*n Object Of the present invention is to 
P-lde such a semiconductor device containing a first 
transistor having a composite gate structure, and a 
15 second transistor havir,^ • . . no a 

""^^^^^ ^ gate structure. m 

this semiconductor device ^^r-^ - u 

' ^^""^ °^ composite gate 

structure and the single gate stru.. • 
a 1^ . ^ structure is fabricated bv 

a lamination of a first r,oi ^ 

a first polycrystalline silicon film anH 
a second polycrystalline silicon fii. 

0 concentration of the fi.3. 

the first polycrystalline silicon fil™ 
for constructing the above-describ.H 
st„,^^ described composite gate 

IT ' ^" -centration of the first 

polycrystalline silicon fiin, ^ 

gate structure can be —-ting the single 

other. controlled independently of each 

According to one aspect of the present 

invention, a semiconductor device 

aevice comprises: a first 
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= .... z;?r:"'~ • 

-tiling a lamination of a thi,-H 
Polycrystalline silicon f i , 

ir'^AXcrystalline silicon ^-r i. 

«^1« We substantially the s,™. • , 
said flxst ™t ^® thickness; 

fxrst polycrystalline silicon fii. ^nd said th • H 

polycrystalline silicon f m u """^ 

Silicon film have differp.T,+. 

concentrations controlled inde . ''""'^ 
i5 and said second , '"^"^^^^-^^^ each other; 

^«^°nd polycrystalline silicon fii 
polycrystalline silicon fii. ' '""^ 

line Silicon fii . ' ^"^^^ Polycrystal- 

fxlm have substantially the saxn. • 
concentration. impurity 



concentration. 

20 



Xn a preferred enO^odiment of the present 
invention, the impuritv Present 

-^purity concentration of sain 4:- 
Polyc^staiiine 3iii„„ ^ 

-e i^p..,,, concentration o. sai. thi^ ' 
line silicon fii™ • Polycrystal- 
fxl. 13 1.10- to ixio- ato.s/cn.3. 

According to another aspect of i-h 
25 invention aspect of the present 

nventxon, a semiconductor device cn™^ • 
i-r.=,«». aevice comprises: a firsr 

transistor havir,^ j--i-rs-c 

^nation TSll^T """"" " 

a tirst conductive fii™ 
film ;,nH ' insulating 

txlm, and a second conductive fii^. . ^ 

^ rilm; and a second 
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transistor having a single gate structure containing a 
third conductive film; wherein said second conductive 
film and said third conductive film have substantially 
the same conductivity; said third conductive film has a 
5 thickness substantially the same as a total of a 

thickness of said first conductive film and a thickness 
of said second conductive film, or a total of a thickness 
of said first conductive film, a thickness of said 
insulating film, and a thickness of said second 
10 conductive film; and said first conductive film has a 

conductivity different from any one of a conductivity of 
said second conductive film and that of said third 
conductive film. 

Furthermore, according to another aspect of the 
IS present invention, a semiconductor device comprises: a 
first transistor having a composite gate structure 
containing a lamination of a first conductive film, an 
insulating film formed on said first conductive film, and 
a second conductive film formed on said insulating film 
20 and having a conductivity different from that of said 
first conductive film; and a second transistor having a 
single gate structure containing a third conductive film 
having substantially the same conductivity as that of 
said second conductive film, and also having 
25 substantially the same thickness as a total of a film 
thickness of said first conductive film and a film 
thickness of said second conductive film, or a total of a 
thickness. of said first conductive film, a thickness of 
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sax. i„su..«„, ^ ^^^^^^^^ ^^^^ 

conductive film. 

Accordln, to one aspect of the present 
~on, . ^t.o. .or ™eturin, a se^conduotor 

^ ~- -in, a composite 

gate structuT-Q ^t^^ t^^^^ue 

.ate structure, comprises the steps of: for^n, a fLst 

—tin, fii. , ^ ^^^^^ ^-t 

semiconductor substrate and for^^n, a second insuiatin, 
-strate, T^"" " semiconductor 

over an entireT.iroTsT^"^"^- '"''^ 

, °^ "^^^ semiconductor substrate- 

introducing an impuritv at ^• 

purity at a fxrst predetermined 

concentration into said first r.r.i 

line Silicon fL T Pdycrystal- 

fxl. to a predetermined shape in said first 
regxon; forming a thir-n • , 

g thxrd insulating fii^ containing at 
least a silicon nitride film ^ 

^icie film on at least said first 

region except for 

20 conn ^^i^ ---i- 

20 conductor substrate- for^- 

Silicon .-1 ' Polycrystalline 

si ^'^^^^ - semiconductor 

substrate; introducing an impurity at a second predeter- 
-ned concentration higber than said first cone t 
into said seconH ■> concentration 
second polycrystalline silicon fn™ h 
25 diffusion; patterning i thermal- 
patterning a lamination of said second 
polycrystalline silicon ^ii 

siixcon fxim, said third insulating fii™ 
and said first polycrvst^n • ' 

P J-ycrystallme silicon film into a 

predetermined pattern in said first r..- 

xirst region to thereby 
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s..a composite ,a.e 3t„c«« 
txansisto.; an. p„.,„,,, , ^^^^^^^ ^^^^ 

PC .™a„e s.U.„ ,,,, ^ ^ 

3 I ^ x^ne. pa«e.. s.x. 

secon. ^^^^^^^^^ ^^^^ ^^^^^^ 

structure of said .econd transistor. - 

Moreover, according to another aspect of the 
present Invention, a .ethod for manufacturing a 
semiconductor device inoi„w 
10 a cn . -ncludxng a first transistor having 

10 a composite gate structure ;,nH 

a Sinai. transistor haVing 

a single gate structure or^™^ • 

a fi... • . comprises the steps of: forming 

a first insulating fii^n ^n a surface of . ■ 

disposed in a firs. • ' " 

first region of a semiconductor substrate 
and a second insulatina fii™ ^ 

15 rea. . • ^ '^^^^'^^ active 

-L3 region disposed in = 

cl xn a second region of the substrate - 
forming a first conductive f<i 

said . . """^^ ^"^^"^ of 

said semiconductor substr^^-^ 

^^t^ociucing an impurity at 
fxrst predetermined concentration into said fi.st 
conductive fii. ion>in,ection; foiming a third 
20 insulating film afao^g 

^^^^ ^^^^^ conductive film at an 
second reg.on, or an area including at least said first 

except for an element isolation region of said second 
region, forming a conductive fii„ over the entire surface 
Of sa.d semiconductor substrate; introducing an impurit, 
" a predetermined second concentration higher than said 
*irst concentration into said second conductive film 
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thermal diffusion* nai-^-= 

pattemxng a lamination of said second 
conductive film, said thir-n • , 

■ ^"-^ ^"^^^^ insulating fii^n, and said 

fxrst conductive fii^ i^^^o a predei-^.™- . 

a predetermined pattern to 

thereby fabricate sain « 
5 first. . Of s,id 

t.a„s.«o. i„ active region of sai. fi„t 
region; and patterning a la^nation of said first 
conductive fii„ ,,,, ^^^^^^ ^ 

Predeter^ned pattern to t.ere., fabricate said singi 
«"e structure of said second transistor in t.e act . 
10 region of said second region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA to IH are sectional views at the 
respective steps of a method for manufacturing a 
semiconductor device ^^^^ ^■ 

according to an embodiment of the 

i5 present invention; 

Figs. 2A and 2B are sect-,- r,r,^ i • 

electrode portions of a °' '"^ 

P rtxons Of a ™e„ory cell transistor and a 

peripheral transistor ,„ 

present • semiconductor device of the 

present invention; 

20 p. 

'^iev Of a o"- r "^^ - 

Of a peripheral transistor in a se^conductor 
device manufactured bv a m^^u ^ 

^ . ^ "'^'^^^^ according to a second 

embodiment of the present in,« ^. 

p-tresent invention; and 

Fig. 4 shows a sectinn «^ 
O'^ ^ . section of a peripheral 

transistor accordino to a i-k ■ ^ 

ing to a third embodiment of the present 
invention . present 
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DESCRIPTION OF THE Preferred embodiments 

Referring „o„ to Figs. lA through IH, method 
for n«nuf,cturing « EEPROM (Electrically Erasable Rsad- 
Ohly Ma«ory,, according to a first embodiment of the 
5 present invention, win ^e described, m each of Fig. ia 
Fig. IH, the left-sided portion represents a memory 
cell transistor formed in the memory cell region, whereas 
the right-Sided portion shows a MOS transistor 
(peripheral transistor, fabricated in the peripheral 
10 circuit region. 

First, to manufacture the eeproh according to 
the first embodiment, as illustrated in Fig. lA, a field 
oxide film 2 having a thickness of an order of 500 nm is 
forced on a surface of a silicon substrate 1 by the LOCOS 
method to provide an element isolation region. Then, a 
tunnel oxide film 3 having a thickness of an order of lo 
to 12 nm is fabricated on the silicon substrate 1 at a 
memory cell region in an active region surrounded by the 
element isolation region made of the field oxide film 2 
20 by way Of the thermal oxidation method. Thereafter, a 
gate oxide film 4 having a thictaess of an order of 10 to 

40 nm is formed on the <iiii^ 

-cne Silicon substrate 1 at a 

. peripheral circuit region in the active region surrounded 
by the field oxide film 2 by the thermal oxidation • 

25 method. " Should be noted that the tu^^el oxide film 3 
and the gate oxide film 4 may be formed in a reversed 
order or at the same time. 

Next, as illustrated in Fig. ib, a 
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polycrystalline silicon fn c u 

unlf . ^^"^^^ ^ substantially 

uniform thickness of an . 

the en.- "™ over 

the entxre surface by the CVD method. 

subsequently, as indicated in Fig. ic 
5 Phosphorus is introduced by the ion ' • ■ ' 

the noi injection method into 

the polycrystalline silicon film 5 at . ■ 

ij-xm 5 at an xmouritv 
concentration of an order of 1,10- , , 

It ^ ° ^""^^ atoms/cm^ 

-tt xs undesired that th<=. • 

Po..c^s....„. s 1 ,ZT'' """""""" " 
5 . ^ -^ycrystallme silicon film 

extracted from the polycrvst. it 

may be injected. 
Next, as shown in Ficr in 
Silicon fii„ 5 in the P°iyca:ystalU„e 

*oz. . «o I "^^"'^ ^>"teme. to 

rorm a floating gate. 

' ^ T °" """^ «^/«iicon nxt.i.e .Xl„/3iiXoo„ 
oxide fli„, 6 i3 f 

, "® entire surface by the 

; 7 '^""^ -nstitutxn, thXs 0«0 . ,3 in an 

-r o. io a thiCne. o. the silicon nitride L 
J-s m an order of tjn „ 

- o J :r ^= - ----- — ^ 

^^i^. xs m an order of 30 nm. 
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Then, as shown in Fig. if, an etching treatment 
is carried out, while using a photoresist (not shown) of 
a pattern covering the memory cell region as a mask, so 
as to remove wholly a portion of the ONO film 6 formed on 
5 the peripheral circuit region. 

Thereafter, as indicated in Fig. IG, a poly- 
crystalline silicon film 7 having a uniform thickness of 
approximately 150 nm is fabricated over the entire 
surface by the CVD method. 

illustrated in Fig. IH, phosphorous is 
diffused into the polycrystalline silicon film 7 by way 
of the vapor phase diffusion method by performing the 
thermal treatment in a furnace in which oxyphosphorus 
Chloride (POCI3: phosphoryl trichloride) is vapored. This 
15 phosphorous vapor phase diffusion is carried out until 

the impurity concentration of the polycrystalline silicon 
film 7 becomes an order of lxlO^° to 1x10^^ atom/cm^ so 
that the impurity concentration of the polycrystalline 
silicon film 7 becomes at least 10 times that of the 
20 polycrystalline silicon film 5. It should be understood 
that instead of phosphorous, arsenic may be diffused. 

At this time, since the polycrystalline silicon 
film 5 is in contact with the polycrystalline silicon 
film 7 in the peripheral circuit region, phosphorous is 
25 also diffused from the polycrystalline silicon film 7 
into the polycrystalline silicon film 5, so that the 
impurity concentration of the polycrystalline silicon 
film 5 becomes approximately IxlO^" to 1x10^^ atoms/cm^ 
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on other h.nd, the ono ni. s contai^Ung the silicon 
nitride fll. „hlch ha. a low diffusion speed of 
Phosphorous is interposed between the polycrystalUne 
sxllcon filans S and m the memory cell region. As a 
5 result, phosphorous does not diffuse through the ONO fll„ 
6 into the polycrystalline silicon fll. 5 In the .e.ory 
cell region. Accordingly, the impurity concentration of 

the polycrystalline silicon f^im ^ • 

>»xiicon film 5 in the memory cell 

region renins at an order of Ixio" to l.io" ato™s/c.^ 
" Subsequently, after photoresist (not shown) has 

been coated over the entire surface, this photoresist is 
patterned to a shape of a control gate IS of the .e„ory 
cell transistor 11 (see Fig. i„ the Memory cell 

region, and also a shape of a gate electrode 16 of a 
1= peripheral transistor 1. (^ee Fig. ,b, in the peripheral 
c.rcu.t region. Then, by using the patterned photoresist 

as a mask, an anisotrooic etr-hi^^ • 

■topic etching is carried out with 

respect to the polycrystalline silicon fil„ ONO 

f-lr. 6, and the polycrystalline silicon fil„ 5. As a 

20 result, a floating gate ^de of the polycrystalline 

silicon fll™ 5, and a control gate .ade of the 

polycrystalline silicon fii™ i 

ixicon film 7 are fabricated in the 

memory cell region, whereas 

/ wnereas a gate electrode of the 

peripheral transistor, which ™ ^ 

' "^"^"^^ ""^^ie °f the polycrystal- 
^3 line silicon films 5 and 7 is ^ • 

/, IS formed m the peripheral 

circuit region. 

Thereafter, a step of forming impurity 
diffusion layers (not shown) serving as sources and 



drains of the memory cell transistor 11 and the 
peripheral translator ^ ion-mjection using the 
control gate and the gate electrode as a ^sk, and 
further a step of feting „ i„terlayer insulating fii„ 
5 (not Shown, ^^ch covers the overall areas of the „e.ory 
cell transistor u and the peripheral transistor 12 are 
carried out to thereby accomplish the EEPROM. 

As described above, m accordance with this 
first e^bodi^ent, phosphorous is introduced into the 

10 polycrystalline silicon fll™ ? 

iiicon nun 5 at a relatively low 

concentration by wav nf +.>,^ • . . 

y way of the ion injection method and the 

ONO film 5 is left at least on the polycrystalline 
silicon film 5 of the memory cell region. Therefore 
When Phosphorous is introduced at a relatively high 

15 concentration into t-ho r^^i 

into the polycrystalline silicon film 7 by 

way Of the vapor phase diffusion method, the silicon 
nitride film of the ONO film . ^ 
sapper Of Phosphorous. *s a consequence, the impurity 
concentration of the polycrystalline silicon film 5 of 
20 the memory cell region can be maintained at a relatively 
low level, and furth*a-r 

a turther the impurity concentration of the 

polycrystalline silicon fil™ = »^ 

iiicon film s of the peripheral circuit 

region can be set to the relatively high level. 

in this embodiment, the polycrystalline silicon 
S, 7 forming the gate electrode of the peripheral 
transistor, and the polycrystalline silicon film 7 
forming the control gate of the memory transistor have 
substantially the same conductivity which is higher than 
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the conductivitv of 

fo^- P^iycrystalline silicon fii, 5 

formng the floating gate of th. 

, ■ ^ °^ memory transistor 

-o. Since the pol,.^3talli.e silicon fii.3 S an. . 
W essentially .....^ 3ectional areas, each of th 

electrode of the peripheraJ ^ 

^^Pheral transistor, and the 
Polycrystalline silicon fii^ 7 . 

of tho lilm 7 formxng the control gate 

Of the memory transistor, k 

xansxstor have substantially the san,o 
resistance. ^ ^^""^ 

15 . P«iph«„l transistor 12 «n 

" sufficiently low. ^ , . 

-uf.ot.re ,„ .HP«OK a..i„, Jl " "^'-'''^ '° 

- operating at .1,. ..J" """^ "^^^^ 

t.a :;otr;r° " "^^^ — 

^0 region is c , Peripheral circuit 

region xs completely removed m the 

Alternatively, the ONO fil. , " 

peripheral circuit rea- 

-LJTcuit region may be nart-i^n 
to retain Partxally removed so as 

retain its portion disposed . 

, peripheral transistor is LI 

25 since nh^o^i, ' ^^^^ ^as®/ 

since phosphorous which has been int . 

Phase diffusion introduced by the vapor 
^xxiusion method i<5 h-,-^^ 

line Silicon fii . P^l^-rystal- 
li«n f.lm s through a portion „here the ONO fil„ 
o was removed i-h^ • 

■ ''"^ concentration of the 
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polycrystaUlne silicon fii», e 

°° '^1" 5 of the peripheral circuit 

region can be set to a relatively high concentration. 
Moreover, in this case, since the film structure of the 
MeMory cell transistor ll i„ ,he longitudinal direction 
S is substantially identical to the fil„ structure of the 
peripheral transistor 12 i„ the longitudinal direction 
the workability can be advantageously improved in the 
«ep Of forx^ng the floating gate by applying anisotropic 
etching to the polycrystalline silicon fil„ 7, the ONO 
10 film 6 and the polycrystalline silicon film 5. 

Also, in this embodiment, the descriotlon has 
been made of a case where an «0S transistor which is 

formed at the same time wi t- h 

~ra time with the memory cell transistor 

11 is the MOS transistor 12 of the peripheral circuit 

15 region. Alternatively, this embodiment may be applied to 

such a case that, for instance, the selecting transistor 

selectively switching the memory cell transistor 11 i„ 

the EEPROM is fabricated »t ►v,^ 

oricated at the same time with the memory 

cell transistor U. Moreover, this embodiment may be 
20 applied not only to manufacturing of the EEPROM, but also 
any nonvolatile semiconductor memory device such as an 
EPROM in Which each of the memory cell transistor and 
other transistors than the memory cell transistor uses a 
two-layer polycrystalline silicon film structure. 

* =eoond embodiment of the present 
invention will be explained with reference to Figs. 3A 
and 3B. Fig. 3A shows a section of a portion including 
the gate electrode of a peripheral transistor in a step 
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^ ^« the second embodiinent . 

seeps" ... 
^..3. , " ^" ""^ — « -own 

9- IP. in the fi.3t e^iodi^ent, the ONO fil„ 
- the region where the peripheral t 

been removed in th =tor i. tor^^ 

' second ernbodiment 

film disposed i„ " °* '^'^^ °«° 

sposed in the el6inent-isolar,„„ 

15 field oxide Ul. 2 is f where the 

-«.uuing the active re^m'^r, 
P-Pher.l transistor is forced- ^Z^JT 
—.ore, in the second e^di^ent I 
- disposed on the «r3t pod " ""^ 

- -e peripheral transistor andT l ^ 
-.e the acti.e region is ^r^^Z T"^""^"^ 
spending to Fig. jj. _ 

result • . ^ °« the first embodiment. As a 
"result, i„ the step of Fia ,„ „h 

» are introduced into the \ """"^^'^ ^""^^ 

. P°ly=rystalline silicon fii„ , 

the impurity ions are not lot . ' 

a-t^e not xntroduced intn ^ ^ • 

(^^9- 3B, Of the polycrystall- " 
°n the active reo ^^"'"^"^ 5 disposed 

region so that the imparity concentration 
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Of the portion 5a re^i„3 at a low level and its 
resistance renains at a high level. However, a portion 
5b Of the polycxystalline silicon fil„ 5 disposed over 
the field o,ide fil. 5 and serving as a wiring of the 
5 jate electrode has substantially the s«„e i^ourity 

concentration as that of the polycrystalline silicon fii. 

resulting in a low resistance of the portion a., which 
xs effective to prevent the delay in operation of its 
Circuit. Purther, due to the sa.e reason as that in the 
10 case of the tunnel oxide. 

incidentally, in Pig. 3B, 19 indicates the 
source/drain region of a peripheral transistor, 2. or 25 
indicates a contact hole £or connecting the source/drain 
region to a wiring layer ,„ot shown, and 22 indicates a 
15 contact hole for connecting the gate electrode of the 

peripheral transistor i-o ^ • 

sistor to a wiring layer (not shown). 

AS previously described, according to the 

present invention, since the i.p..i,^ ,3 introduced at a 

^ relatively low concentration into the first polycrystal- 

Ixne Silicon f-il^n by ion-i.piantation and also the 

insulating fii. containing the silicon nitride f ii. is 

left on the polycrystalline sin,-™ 

J >.xj.j.ne silicon film m the memory 

cell region, when phosphorous is introduced at a 
relatively high concentration into the second poly- 
25 crystalline silicon film ,y ^^^^^ 

Method, the Silicon nitride fil. junctions as a stopper 
for diffusion of the impurity, as a consequence, the 
i-purity concentration of the first polycrystalline 
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silicon tilM Of the ™«.ory cell region can be maintained 
at a relatively low level, and further the impurity 
concentration of the first polycrystalUne silicon fil„ 

of the peripheral transistor can be set to a relatively 

high level. 

As a result, the boundary between the tunnel 
oxide filxn (first insulating filn.) of the memory cell 
transistor formed in the memory cell region and the first 
polycrystalline silicon film can be maintained at better 
condition, and furthez^ore, the resistance of the gate 
electrode wiring of the MOS transistor formed in the 
peripheral region can be made sufficiently low. As a 
result, it is possible to manufacture a nonvolatile 
semiconductor memory device having high reliability and 
capable of operating at high speed. 



